Harmful cyanobacterial blooms cause water deterioration and threaten human health. It is necessary to remove harmful cyanobacteria with useful methods. A bio-treatment may be one of the best ways to do this. A strain of specific white-rot fungus, Lopharia spadicea, with algicidal ability was isolated. Its algicidal ability on algae under various conditions was determined using three main influence factors: initial chlorophyll-a content, initial pH, and algal cell mixture.
INTRODUCTION
Recently, water blooms have become an increasingly serious problem all over the world. Water pollution in closed lakes is generally caused by eutrophication (Taki et al. 2008) . A high cell density of cyanobacteria in water bodies may bring serious health risks for humans who use water for drinking or recreational purposes (Huisman et al. 2005; Falconer 2005 ). These harmful algae grow rapidly and accumulate in oceans and lakes, significantly decreasing dissolved oxygen and water transparency and causing water quality deterioration. This finally results in a negative influence on the natural environment (Kolmakov et al. 2002; Kang et al. 2005; Mu et al. 2007; Park et al. 2008) .
Increasing occurrence of harmful algal blooms has sparked extensive research into efficient and practical strategies for mitigation of blooms (Pei et al. 2005) .
The most direct strategies are through physical and chemical methods, but these methods require high-energy inputs and inevitably damage the aquatic environment (Mason 1996) . Physical methods using yellow loess (Choi et al. 1998 ) and clay (Sun et al. 2004 ) have been found to be effective in bloom management. However, they have side effects on bottom-dwelling organisms (Rhoads & Young 1970; Bricelj & Malouf 1984) . Chemical agents, such as copper sulfate and hydrogen peroxide, are effective in short-term bloom control (Ryu et al. 1998 ), but they likewise have detrimental side effects on aquatic organisms doi: 10.2166/wst.2010.214 (Jeong et al. 2000) . Therefore, biological methods using viruses (Garry et al. 1998) , bacteria (Kim et al. 2009) , and protozoa (Sigee et al. 1999 ) have attracted interest in most researchers. Although, to some extent, algicidal bacteria have the ability to inhibit algal cell growth and directly or indirectly break algal cell structure (Shi et al. 2009) , a large population of bacteria can decrease water transparency, be hard to control, and bring toxic metabolites into the water. Therefore, we hypothesized that fungi will be ideal microorganisms to eliminate water-bloom algae. In previous studies, with the exception of antibiotic-producing fungi (Redhead & Wright 1978 , 1980 ) that can lyse cyanobacteria by secretion of antibiotics (i.e. cephalosporin C), little is known about the algicidal ability of fungal strains on cyanobacteria. Fungal strains do not produce antibiotics and have less influence on other aquatic organisms.
In this study, a strain of white-rot fungus, Lopharia spadicea, was isolated. The original purpose of the isolation was to screen for dyes in the decolonization. In the process, we also found that it had algicidal properties. The aim of this work is to evaluate its algicidal ability under different cultivation conditions. cool-white fluorescent lamps to achieve exponential growth.
MATERIALS AND METHODS

Algal cultures
Unialgal cultures of
The growth medium for the three algal cultures was BG-11 (Rippka et al. 1979 
Fungal maintenance
L. spadicea was isolated from the forest floor of the Qixia Mountain (Nanjing, China). The isolated strain was maintained on potato dextrose agar (PDA) plates for 7 days, stored at 48C, and subcultured every month. A piece of round fungal mycelia (2%) from a PDA solid-plate cut by a 7 mm hole puncher was inoculated into 9 cm plates containing 15 mL potato liquid medium, and cultivated under static conditions (Xu et al. 2008) . After 7 days, the mycelia mats in one plate were used as an inoculum for further algicidal experiment.
Algicidal effects under different treatments
The batch liquid tests were conducted in 250 mL Erlenmeyer flasks containing 100 mL algal medium and a piece of , and 120 rpm.
Pigment and enzyme assays
Total chlorophyll-a content Total chlorophyll-a was extracted with 90% acetone and determined according to the national standard method (Standard Methods for the Examination of Water and Wastewater 1998).
Antioxidant enzyme assays
For each culture, 5 mL were collected and centrifuged (3,000 £ g) for enzyme activities tests. The activity of superoxide dismutase (SOD) in the supernatant was determined by nitroblue tetrazolium photoreduction (Beauchamp & Fridovich 1971) . And the lipid peroxidation product, malodialdehyde (MAD), was measured spectrophotometrically using the thiobarbituric acid method (Uchimaya & Mihara 1978) .
Biosorption and biomass variation
In order to evaluate the biosorption quantity of L. spadicea, fungal mycelia mats were autoclaved at 1218C for 20 min, and each of them was inoculated into 250 mL Erlenmeyer flasks containing 100 mL algal culture. The biosorption experiments were conducted at 258C, 90 mmol photons m 22 s
21
, and 120 rpm.
The biomass variation test was conducted by drying mycelia mats in an oven at 608C with a constant amount before and after the algicidal experiment as well as after the biosorption test.
Statistics
The removal efficiency of chlorophyll-a content (R) was calculated as follows:
where R is the percentage of chlorophyll-a content (%),
Co is the initial chlorophyll-a content (mg/L), and Ct is the chlorophyll-a content after treatment (mg/L).
The data were expressed as mean^standard deviation (SD) of triplicate experiments. Significant differences in chlorophyll-a between the treated strains and the control were analyzed by a one-way analysis of variance (ANOVA) with SPSS Statistics 17.0, where p , 0.05 was considered as a statistically significant difference.
RESULTS AND DISCUSSION
Initial evaluation on algicidal ability of L. spadicea
The initial evaluation on the algicidal ability of L. spadicea was conducted using three algal strains: M. aeruginosa 
Influence of initial chlorophyll-a content on algicidal efficiency
The algal lysis was investigated at different cell densities (370^13, 710^7, 11,181^4, 1,742^19, and 2,132 4 mg/L) in BG-11 medium. Results showed that the reduction of chlorophyll-a was considerable, and the removal rates decreased as algal cell densities increased (Figure 2) . The chlorophyll-a removal rates with different initial algal densities after 27 h were 91%, 84%, 82%, 80%, and 73%, respectively. After about 39 h, more than 90% of the chlorophyll-a content was removed in all treatments.
In the natural water blooms in the Taihu Lake, the highest chlorophyll-a content in July was measured at approximately 200 mg/L (Gong et al. 2008) . Therefore, the L. spadicea strain may be of great practical significance in treating water blooms. Since more than 90% of the chlorophyll-a could be removed within 39 h, the use of this strain to treat water blooms could be both feasible and economical.
Effect of initial pH on the algicidal efficiency of
L. spadicea
The pH (5.5, 6.5, 7.5, 8.5, and 9.5) was adjusted using 0.1 N HCl/NaOH before autoclaving. Changes in pH values after autoclaving were all less than 0.5.
After 45 h of cultivation, the chlorophyll-a content of the pure algal cultures was evaluated. The chlorophyll-a content increased at pH 6.5, 7.5, and 8.5. At pH 7.5, the chlorophyll-a content of the algal culture achieved a maximum increase (about 18%) in 45 h. The algal cells decreased under an initial pH of 5.5 and 9.5 in the treatments. Specifically, at pH 9.5, about 33% of the chlorophyll-a was removed in 45 h. This result suggested that the optimum pH for algal growth was 7.5, while algal growth was inhibited at pH 9.5. In the algae-fungi co-culture groups (Figure 3 ), over 95% of chlorophyll-a was removed after incubation at pH values of 5.5 to 9.5.
Although algal growth was enhanced in the uniculture at pH 7.5, L. spadicea removed more than 95% chlorophyll-a within 45 h. These indicated that this fungal strain could efficiently clear algal cells even in algal growth-promoting environment. The algicidal efficiency of L. spadicea was not influenced by pH variation, and the strain had broad adaptation to acid and alkali environments.
The pH is about 7.0 to 7.5 in the Taihu Lake. According to the results of our test, this is also an optimum condition for L. spadicea to practically remove algal blooms.
Chlorophyll-a removal rate of mixed algal culture by L. spadicea
In natural water blooms, there are various species of algae besides the dominant species. Therefore, it is necessary to find out whether L. spadicea could still keep its great algicidal ability when inoculated into a mixed algal culture.
We evaluated the chlorophyll-a removal rate of a mixture of several algal species isolated from the Taihu Lake, such as Chlorophyll-a (mg/L) 615^12 553^16 333^31 326^39 266^7 262^10 267^21 mycelia mats were transferred in BG-11 medium; AL: fungal mycelia mats inoculated into algal culture; AD: autoclaved mycelia mats were transferred into algal culture. The biomass of mycelia mats at 0 h was significantly different from the biomass of the mycelia mats at the end of the test (45 h).
